The lattice parameters at 25°C are recorded for gold-manganese alloys quenched from the solidsolution phase field in the range 0-25 at. % manganese. The alloy compositions are believed known to at least + 0.2 at. % manganese, and the results enable parameter measurements to be used to determine the chemical composition of such alloys to this degree of accuracy.
Introduction
In the course of investigations of Au-Mn alloys carried out in this department in recent years we have accumulated values of the room-temperature lattice parameters of many quenched f.c.c, solid solutions of manganese in gold. These alloys are of considerable interest since (i) they exhibit ferromagnetism with Curie temperatures which depend on composition and (ii) the ordered structures which form from them in the range 20-28 at. % Mn at the lower temperatures are of great complexity and are also sensitive functions of composition (Sato, Toth, Shirane & Cox, 1966) . Since lattice-parameter-composition curves of appreciable slope provide a very useful non-destructive means of determining chemical composition, we present our results, particularly also as the Au-Mn system is one where there is some risk of indeterminate loss of manganese from specimens which need to be maintained at elevated temperatures. Examples of such losses have been quoted by K6ster & Hummel (1964) . The only other accurate lattice parameters we have traced are those of Calvert & Henry (1962) for alloys of composition 2"19, 4"35 and 6-6 at.% Mn.
The solid-solution phase field at high temperatures extends to just beyond 30 at. % Mn (Raub, Zwicker & Baur, 1953) , but quenching difficulties set in at the highest manganese contents and it is not possible to extend the parameter-composition curve for quenched specimens beyond 25 at.% Mn.
Experimental
The slope of the lattice-parameter-composition curve as determined by Calvert & Henry up to 6.6 at. % Mn is about 0.0007 A/at. % Mn, so that in order to take advantage of the fact that lattice parameters could be measured to 0.0001 A the composition of the alloys would need to be known to about 0.15 at.% Mn. * Present address: The National University, Canberra, Australia.
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It was early established that chemical analyses of this accuracy could not be obtained on the actual X-ray powder samples, which weighed only a few mg, and that at least 100 mg of material were required. It was therefore essential to prepare alloys of a high degree of homogeneity. They were prepared in the form of small ingots weighing no more than a gram or so. Their overall composition and purity could be checked from the weight loss during alloying, and their degree of homogeneity tested from the lattice parameters of samples taken from different parts of the ingot. Chemical analyses were made on a few selected ingot and powder samples to check against accidental compensation for loss of a constituent by impurity pick-up during melting or preparation of the powders.
Most of the alloys were made from manganese of spectroscopic purity and gold of 99.9 % purity, the impurities consisting of traces of Cu, Ag, Ni, Mg, and Si. The use of gold of higher purity made no significant difference to the results, as may be seen from the lattice parameters of the two alloys of nominal composition 19.98 and 20.00 at.% Mn respectively, recorded in Table 1 . The former was made from gold of spectroscopic purity and the latter from 99.9 % gold. The manganese was degassed at 400°C under continuous evacuation before use. Alloys containing up to 25 at. % Mn could be satisfactorily prepared by melting the accurately weighed ingredients in an evacuated and sealed quartz tube in a platinum-resistance furnace. The best procedure was to place the capsule in the furnace whilst the latter was at a temperature of 700-800°C, and to maintain this constant for some fifteen minutes before raising the temperature to 1300°C over a period of two hours. The capsule was kept at this temperature for a further fifteen minutes and continuously agitated by connecting it to a vibrator. The furnace was then switched off and the capsule allowed to cool to about 800 °C before it was removed. Most of the resulting alloys were in the form of a single ingot with weight losses of no more than one or two parts per thousand. These were resealed into evacuated quartz tubes and homogenized for several days at 50-100°C below their melting point and quenched into water. No further weight loss could be detected.
Powder samples were carefully prepared with a deadsmooth file from top and bottom of each alloy ingot, and after passing through a 350 mesh sieve and removing any iron from the file with a magnet, were sealed in separate evacuated quartz or pyrex containers. The samples were annealed for several days at the temperatures indicated in Table 1 , and quenched into iced water. Preliminary tests had shown that this period was sufficient to remove cold-work distortion and to ensure that the manganese had entered into solid solution. It was also found by tests on one or two samples that prolonging the heat treatment up to several weeks produced no change in the lattice parameters, so that no appreciable loss of manganese occurs under these conditions. The powders were then placed in thin-walled glass capillaries of 0.3 mm diameter and examined by the standard X-ray technique, using a Philips PW 1024 camera of diameter 114-83 mm and Cu K0~ radiation of wavelengths 1.54433 and 1.54051 A. Specimens and camera were usually given an hour or so to reach temperature equilibrium with the surroundings before starting the exposure, which lasted one hour. The temperature was measured with a thermometer placed near the camera.
The lattice parameters were determined by graphical extrapolation, using the Nelson-Riley error function. The parameters were corrected to a standard temperature of 25 °C, using the thermal expansion coefficient of 15.2 x 10-6°C -t for pure gold. One of us (JLH) had in fact investigated the thermal expansion of a 20 at. % Mn alloy and found that in the neighbourhood of 25 °C the lattice expands by 0.000066 A per °C, as compared with 0.000062 3, per C for pure gold. Over a range of a few degrees therefore it made little difference which correction factor was used. A refraction correction was applied by adding the term 4-47 × 10 -6 ()~/a)Z~A, where Y A is the sum of the atomic numbers of the atoms in the unit cell (Parrish, 1960) . The correction varied from 0-00020 A for pure gold to 0.00017 A for the 25 at. % Mn alloy. The absolute accuracy of the measurements is difficult to assess. The IUCr powder project (Parrish, 1960) on the parameters of diamond, silicon, and tungsten showed that the percentage agreement or spread of the reported mean values for each of these substances from different institutions was about 0.01. For gold the parameters quoted in the literature are in better agreement. After correction (by us where necessary) for refraction and to a temperature of 25 °C, the values are 4.07864 and 4.07855 A (Pearson, 1958) , and 4.07853 A (Pearson, 1967) , which may be compared with our value of 4.0786 A. The relative error of our values can certainly be taken not to exceed + 0-0001 A, since independent measurements and calculations made on several films agreed to well within this value.
Results
The detailed results are given in Table 1 , which is largely self-explanatory. Columns 3 and 4 give the composition of the alloys based on the assumption that the weight loss was entirely either (i) Mn or (ii) Au. 
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There is no strong evidence however that either of these assumptions is correct, since there appears to be no systematic loss of weight on alloying, and no indication from the chemical analyses that either is to be preferred to the nominal composition. We have given however in column 5 the 'mean' composition, which is the average of columns 3 and 4, in order that equal positive and negative deviations from the mean may be quoted. On this basis we believe that it is possible to quote the overall alloy composition to at least +0.2 at. % Mn.
The degree of homogeneity of the alloys may be judged from the results in columns 7 and 8. The biggest discrepancy occurred for alloy 23.00, where there was a difference of 0.0007 A between the parameters of samples taken from top and bottom of the ingot, corresponding to a difference in composition of 1 at.% Mn. In other cases the mean parameters differed by less than 0.00015 A, from the individual values, so that these alloys can be taken to be homogeneous to 0.2 at. %Mn also.
Discussion
For completeness the results of Calvert & Henry (1958) are given in Table 2 , the values having been corrected to 25 °C, and converted from kX to A,, assuming 1 kX = 1.00202 A. These and the points of Table 1 lie on a smooth curve which is linear up to 10 at.% Mn, and then shows a very slight curvature which is concave to the composition axis. The linear part substantiates the conclusions of Calvert & Henry regarding the initial lattice distortion and the apparent lattice parameters of f.c.c, manganese, and their discussion.
Quenching difficulties begin at about 23-24 at. % Mn and these are reflected in the increased scatter of the points from a smooth curve in this region. As pointed out by Morris, Hughes & Davies (1963) samples of the 25 at. % Mn alloys had to be annealed in very thin walled quartz tubes and quenched very rapidly to retain the solid-solution phase, and it was not always possible to obtain identical results from different samples. Beyond 25 at.% Mn, the disordered solid solution could not be retained however rapid the quenching, the photographs showing a tetragonal distortion of the lattice with c/a > 1.
It was found very important to remove any iron cast off from the file during the filing process, particularly in samples which were to be annealed at high temperatures. This possible source of contamination had not been overlooked, since powders had initially been prepal ed using a metal-bonded diamond hand hone. These powders however gave photographs of poor quality, presumably because of absorption of carbon into the lattice on annealing. The powders were therefore afterwards all produced by means of a dead smooth file. However, during the preliminary work, powders which had been annealed at 800°C were found to give significantly lower parameters than similar powders which had been annealed at 680°C. Chemical analyses at AERE Harwell revealed the presence of 0-1 wt. % Fe in a sample showing the discrepancy, but as for iron-manganese alloys reported by Sully (1955) , this iron does not enter the gold lattice unless the samples are annealed at high temperatures -in this case above 700°C. This was shown by dividing pure gold sponge into two samples. One of them was purposely contaminated with iron dust. After annealing for 3 days at 680 °C the lattice parameters at 25 °C were 4.0786 and 4.0787 A respectively. On reannealing for three days at 800°C the corresponding values were 4.0786 and 4.0777 A,. Tests with an X-ray fluorescence spectrometer showed that whilst a great deal of iron could be removed using an ordinary bar magnet it was necessary to pass the powder between the poles of a strong electromagnet to reduce the iron content to the negligible proportions recorded for the analysed samples of Table 1 . This procedure was adopted for all compositions recorded.
